Biochemical features of ceruloplasmin gene mutations linked to aceruloplasminemia.
Aceruloplasminemia is a neurodegenerative disease characterized by parenchymal iron accumulation owing to mutations in the ceruloplasmin gene. Ceruloplasmin is expressed in the central nervous system in which most of the ceruloplasmin is located on the surface of astrocytes in a glycosylphosphatidylinositol (GPI)-anchored form. We herein describe the biochemical features of wild-type and mutant GPI-anchored ceruloplasmin. An overexpression of wild-type GPI-anchored ceruloplasmin in Chinese hamster ovary cells led to the formation of aggresome-like inclusions, especially in the presence of proteasome inhibitors. As expected from the properties of aggresomes, the inclusions were colocalized with gamma-tubulin and a disruption of microtubules using nocodazole blocked the formation of such inclusions. Aceruloplasminemia-linked mutant proteins failed to form such inclusions even after treatment with proteasomal inhibitors. An immunofluorescent analysis indicated that the mutant proteins were thus retained in the endoplasmic reticulum (ER), whereas the transfected cells showed a decreased viability. The expression of glucose-regulated protein 78 that is one of the ER stress sensor proteins, and the activity of glucose-regulated protein 78 promoter was upregulated in the cells transfected with the mutants. These findings indicated that when the overexpressed cytoplasmic wild-type ceruloplasmin was not subjected to degradation by the proteasome-ubiquitin system, then the wild-type protein was transported along the microtubules, thus forming inclusions at the microtubule organizing center, whereas the mutant ceruloplasmin failed to form any such inclusions, because the mutant protein might not have been translocated across the ER into the cytoplasm. Therefore, the mutant protein was considered to have accumulated in the ER thus leading to the ER stress, which resulted in cell death.